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SUMMARY 
This report defines technical areas in which the 
development of instrumentation and instrumental techniques are 
required for satisfying the scientific measurement requirements 
of an asteroid fly-through mission. The particles contained in 
the asteroid belt were divided into five size ranges; namely, 
the sub-micron, micrometeorite*, sub-millimeter to 3-cm, 3-cm 
to 1-km, and greater than 1-km diameter, for convenience in 
considering the scientific questions and appropriate measurement 
techniques. The scienti-Tic questions concerning the spatial 
distribution, structure and composition of each size class were 
formulated. Existing and proposed experimental techniques were 
then examined for each class and instrumental areas requiring 
technological advances were defined. 
Only two technical areas appeared to be adequately 
covered by existing instrumentation, micrometeorite detection 
and visual observations. Several other technical areas are 
defined which could be satisfied by modest development programs. 
Five specific requirements for advanced technology were derived 
* Particles in the size range ~ I J ,  to 1 0 0 ~  diameter will be 
denoted "micrometeorite" particles in this report. 











from t h i s  s tudy:  
1. A d i r e c t  technique f o r  simultaneously determining 
the  mass, s i z e ,  v e l o c i t y ,  p o s i t i o n  and d i r e c t i o n  o f  
a s t a t i s t i c a l l y  s i g n i f i c a n t  sample of sub-micron 
s i z e  p a r t i c l e s  throughout t h e  a s t e r o i d  b e l t .  
A remote technique f o r  simultaneously determining 
the mass, size, velocity, position and dirertio:: cf 
a s t a t i s t i c a l l y  s i g n i f i c a n t  sample of sub-mil l imeter  
t o  3 - c m  diameter p a r t i c l e s  throughout t h e  a s t e r o i d  
b e l t .  
markedly from those i n  i t e m  (1). 
2. 
The instrumentat ion requirements he re  d i f f e r  
3 .  A technique f o r  c o l l e c t i n g  p a r t i c l e  samples i n  t h e  
a s t e r o i d  b e l t .  The p a r t i c l e s  must be c o l l e c t e d  
p a r t i a l l y  i n t a c t  f o r  s t r u c t u r a l  s t u d i e s  while  t h e  
c o l l e c t i o n  of vapors may s u f f i c e  for compositional 
s t u d i e s .  
or  r e tu rned  t o  Earth f o r  l abora to ry  ana lys i s .  
A remote technique f o r  determining t h e  s t r u c t u r a l  
c h a r a c t e r i s t i c s  of p a r t i c l e s  i n  t h e  a s t e r o i d  b e l t .  
A remote technique f o r  determining t h e  composition 
of p a r t i c l e s  i n  t h e  a s t e r o i d  b e l t .  
Col lected samples may be analyzed onboard 
4 .  
5 .  
O f  t h e s e ,  t h e  f i r s t  t h r e e  should r ece ive  e a r l y  a t t e n t i o n .  
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TECHNOLOGY REQUIREMENTS FOR DEEP SPACE MEASUREMENTS 
Report No, S-2 
ASTEROID FLY-THROUGH MISSION 
1. INTRODUCTION 
This document i s  t h e  f i r s t  i n  a series o f  r e p o r t s  which 
w i l l  serve as guides f o r  def in ing  t e c h n i c a l  areas i n  which 
development o f  ins t rumenta t ion  and ins t rumenta l  techniques are 
r e q u i r e d  f o r  s a t i s f y i n g  s c i e n t i f i c  mission ob jec t ives .  
measurement problems discussed i n  t h i s  r e p o r t  are def ined by 
t h e  s c i e n t i f i c  o b j e c t i v e s  f o r  an a s t e r o i d  f ly- through mission, 
The d e s i r a b i l i t y  o f  i n v e s t i g a t i n g  t h e  a s t e r o i d s  and t h e  
a s t e r o i d  b e l t  by means of unmanned space missions has been d i s -  
cussed i n  previous ASC/IITRI r e p o r t s  (Fr ied lander  and Vickers 
1964,  Greenspan 1 9 6 4 ) -  The r e s u l t s  of those s t u d i e s  concluded 
t h a t  an  a s t e r o i d  b e l t  f ly- through mission could provide i n f o r -  
mation on t h e  mass, t h e  spa t i a l  d i s t r i b u t i o n  and t h e  f l u x  of 
p a r t i c l e s  i n  t h e  a s t e r o i d  b e l t .  The f a c t  t h a t  such a mission 
has  no s p e c i f i c  t a r g e t  and hence no launch c o n s t r a i n t s  permits 
the m l r ? i ~ ~ m  energy reqn i r emen t  n f  a Hnhmann transfer t o  be 
u t i l i z e d  and a r e l a t i v e l y  inexpensive mission t o  be accomplished. 
The 
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The scientific objectives of such a mission were pre- 
viously considered in a summary fashion (Roberts 1964)  and in- 
strument requirements and availability dictated the scope of 
the measurements. In this report, the scientific questions re- 
garding the asteroid belt were reformulated without regard for 
the existence of appropriate instrumentation. In this manner, 
scientific rather than technological constraints define the 
mission objectives. For example, the ma.'ority of the questions 
which can be asked about the composition and structure of 
asteroid particles require sophisticated and complex onboard 
instrumentation for in situ analysis. This fact does not, 
however, remove such questions from consideration if their 
scientific merit warrants solution. 
This study was performed in three phases: Phase 1 - the 
relevant scientific questions and instrument requirements were 
ciefined. 
niques were examined. Phzse 3 - the scientific instrument re- 
quirements were comf~zei :;id1 the capabilities of existing 
technology for the purpose of establishing required technologi- 
cal advances. 
Fnase 2 - exisking d ~ r l  piupused iiistliiiiieiital tech- 
This procedure was applied to scientific questions re- 
lating to the spatial distribution, the structure and the com- 
position of asteroidal matter. In several cases, alternative 
approaches to instrument development are suggested. The 
scientific objectives, measurement constraints and technological 
requirements are outlined in summary fashion. 
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2. CLASSIFICATION OF ASTEROIDAL MATTER 
The ob jec t s  comprising t h e  a s t e r o i d  b e l t  range i n  s i z e  
from sub-micron diameter p a r t i c l e s  (which may r e s u l t  from gr ind-  
ing  o r  a c c r e t i o n  i n  t h e  b e l t )  up t o  bodies roughly 770-km i n  
diameter  ( t h a t  of Ceres). The s p a t i a l  d e n s i t i e s  o f  t h e s e  bodies,  
t h e  way i n  which they i n t e r a c t  w i th  t h e  space environment, t h e  
p re s s ing  s c i e n t i f i c  ques t ions  and t h e  r equ i r ed  measurement tech- 
niques d i f f e r  widely wi th  s i z e .  It wocld t h e r e f o r e  be u s e f u l  
t o  d e f i n e  c e r t a i n  s i z e  ca t egor i e s  ( ranges)  f o r  a s t e r o i d a l  mat te r  
i n  which t h e  above problems and f e a t u r e s  are s i m i l a r .  The 
fol lowing f ive  c a t e g o r i e s  have been chosen t o  s a t i s f y  t h i s  
requirement. 
b r i e f l y  discussed.  
2 . 1  Sub-Micron P a r t i c l e s  
The p r o p e r t i e s  of each of t hese  c a t e g o r i e s  are 
P a r t i c l e s  of diameter less than one micron should be 
s i rong iy  in i luenced L y  Sul i i i  yadlatiuii ~ Y E S S L K E  and S ~ O G : ~  be 
blown o u t  of  t h e  a s t e r o i d  b e l t .  
b e l t  would suggest  t h e  ex i s t ence  of some regenera t ion  mechanism. 
Detect ion techniques normally used f o r  micrometeorite p a r t i c l e s  
are no t  s e n s i t i v e  enough f o r  par t ic les  i n  t h i s  s i z e  range. 
2.2 Micrometeorite P a r t i c l e s  (1p t o  0.1 nnu diameter) 
Thei r  presence i n  t h e  a s t e r o i d  
P a r t i c l e s  i n  t h i s  s i z e  range should be present  i n  t h e  
a s t e r o i d  b e l t  i n  l a r g e  numbers. The Poynting-Robertson effect  
should cause many of t h e  l a r g e r  of  t h e s e  bodies t o  s p i r a l  i n t o  
t h e  Sun. 
I I T  R E S E A R C H  I N S T I T U T E  
3 
Techniques have been developed f o r  s tudying t h e  d i s t r i -  
bu t ion  and composition of p a r t i c l e s  i n  t h i s  s ize  c l a s s  i n  t h e  
near-Earth environment. 
2.3 Sub-Millimeter t o  3-cm Diameter P a r t i c l e s  
The maximum expected s p a t i a l  d e n s i t i e s  of p a r t i c l e s  i n  
t h i s  s i z e  class (and i n  larger s i z e  classes) are so h w  t h a t  t h e  
number of  bodies swept ou t  by t h e  f ly- through spacec ra f t  would 
not  provide f o r  s t a t i s t i c a l l y  s ig5 . i f ican t  d i s t r i b u t i o n  s t u d i e s .  
R e m o t e  d e t e c t i o n  techniques w i l l  be requi red  for  most measure- 
ments of o b j e c t s  i n  t h i s  class. 
n o t  c u r r e n t l y  a v a i l a b l e .  
2.4 3-cm t o  l - k m  D i a m e t e r  P a r t i c l e s  
Such techniques are, i n  gene ra l ,  
Fluxes of t h e s e  p a r t i c l e s  w i l l  be  small, and remote de- 
t e c t i o n  w i l l  be requi red .  
t i o n  are e s p e c i a l l y  important  f o r  t hese  p a r t i c l e s .  
a L c  z a L 5 ; r :  eficugli &a'L conventionai r a d a r  rsechniques can be em- 
ployed f o r  s p a t i a l  d i s t r i b u t i o n  s t u d i e s  and poss ib ly  f o r  s i z e  
and s u r f a c e  f e a t u r e  s t u d i e s .  
2.5 Bodies Larger than  l-km D i a m e t e r  
Questions of s t r u c t u r e  and composi- 
These bodies 
--^ 1---- 
Main b e l t  a s t e r o i d s  o f  diameter greater than l-km should 
be observable  t e l e s c o p i c a l l y  from Ear th  a t  magnitude b r i g h t e r  
than  21. More than  4500 such bodies have been observed (1600 
s e p a r a t e  o r b i t  determinat ions have been made) while  Kuiper e t  a l .  
(1958) estimate t h a t  33,600 bodies b r i g h t e r  than magnitude 19.5 
e x i s t .  
t a i n e d  from Ear th ,  c e r t a i n  d e t a i l e d  s t u d i e s  must a w a i t  l ander  
Although much information on t h e s e  bodies can be ob- 
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missions t o  s p e c i f i c  t a r g e t  a s t e r o i d s .  Measurements of t h i s  
type  are,  however, beyond the  scope of t h i s  r e p o r t  which treats 
f ly- through missions.  Thus, any a d d i t i o n a l  f ly- through s t u d i e s  
can be considered as extensions of t he  3 -cm t o  1-km diameter 
class. The l a r g e r  of t h e s e  bodies may be of geo log ica l  i n t e r -  
est .  
3 .  SPATIAL DISTRIBUTION OF ASTEROIDAL MATTER 
3.1 S c i e n t i f i c  Questions and Associated Measurement 
Problems 
A l l  ques t ions  r e l a t i n g  t o  the  s p a t i a l  d i s t r i b u t i o n  o f  
a s t e r o i d a l  matter would be solved i f  t h e  mass, s i z e  (hence 
d e n s i t y )  and o r b i t a l  elements o f  a l l  of t h e  i n d i v i d u a l  p a r t i c l e s  
comprising t h e  a s t e r o i d  b e l t  were determined. While t h i s  goa l  
w i l l  no t  be r e a l i z e d ,  many p e r t i n e n t  s c i e n t i f i c  ques t ions  on 
p a r t i c l e  d i s t r i b u t i o n  can be formulated and p a r t i a l l y  answered 
through measurements made during an a s t e r n i d  fly-thrcngh ~ i s s i c n .  
A l i s t  of these  ques t ions  i s  presented i n  Table 1. 
The answers t o  some of t h e  ques t ions  posed i n  Table 1 
are a v a i l a b l e  f o r  t h e  v i s i b l e  a s t e r o i d s  (diameter g r e a t e r  than 
1-km) from Earth-based observat ions.  For t h e  smaller p a r t i c l e s ,  
however, very l i t t l e  d a t a  e x i s t s .  
Alfven (1954) po in t s  out  t h a t  by J e f f r e y s '  (1947) 
hypothesis ,  c o l l i s i o n s  between two bodies w i l l  r a F i d l y  tend  t o  
reduce t h e  i n c l i n a t i o n  and the  e c c e n t r i c i t y  of t h e  o r b i t s  of  
both bodies.  Thus, m e  m i g h t  hypcthesizc (in arialogj. t c r  
S a t u r n ' s  r i n g s )  t h a t  t h e  bulk of  t h e  smal l  p a r t i c l e  populat ion,  
















SCIENTIFIC QUESTIONS RELATING TO THE 
SPATIAL DISTRIBUTION OF ASTEROIDAL MATTER 
1. How do t h e  size, mass and flux of a s t e r o i d  
p a r t i c l e s  vary  w i t h  t h e i r  o r b i t a l  elements? 
2. Is t h e r e  a lower l i m i t  t o  t h e  s i z e  of p a r t i c l e s  
i n  t h e  a s t e r o i d  b e l t ?  
3. Do d i s c r e t e  gaps e x i s t  i n  t h e  smaller p a r t i c l e  
populat ion of t h e  b e l t ?  
p lane tary  resonances? 
Do t h e s e  suggest  
4 .  Is the small p a r t i c l e  concent ra t ion  of t h e  
be1 t denser ~ e z r  ec1i-t;- rbLb -1 yLauci - - -9  these 
bodies i n  gene ra l  have o r b i t s  of lower eccen- 
t r i c i t y  than t h e  l a r g e r  a s t e r o i d s ?  
5 .  Is t h e  mean d i s t r i b u t i o n  of a s t e r o i d  mass 
symmetric about an a x i s  through t h e  Sun and 
normal to t h e  ec l ip t i c  plane or  does 
c l u s t e r i n g  p r e v a i l ?  
6 .  Is t h e  s i z e  d i s t r i b u t i o n  of t h e  smaller 
a s t e r o i d a l  bodies suggest ive of gr ipding  or  
a c c r e t i o n  i n  t h e  b e l t ?  
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whose s p a t i a l  dens i ty  i s  high, must possess nea r ly  c i r c u l a r  
o r b i t s  of  low i n c l i n a t i o n  as a r e s u l t  of these  c o l l i s i o n s .  The 
l a r g e r  bodies ,  on t h e  o t h e r  hand, are not  i n  a h igh ly  fragmented 
s ta te  (Anders 1965) suggest ing r e l a t i v e l y  f e w  c o l l i s i o n s  , and 
they  should s t i l l  nea r ly  possess t h e i r  o r i g i n a l  o r b i t a l  elements.  
It i s  t h e r e f o r e  important t o  s tudy t h e  d i s t r i b u t i o n  of the small 
p a r t i c l e  populat ion of  t h e  b e l t  i n  t h e  e c l i p t i c  plane.  
Answers t o  t h e  s c i e n t i f i c  ques t ions  l i s t e d  i n  Table 1 
can be obtained i f  t h e  mass, s i z e  and o r b i t a l  elements o f  a 
l a r g e  enough sample can be measured. The problems of d e t e c t i n g  
and measuring t h e s e  parameters simultaneously vary markedly f o r  
t h e  d i f f e r e n t  p a r t i c l e  s i z e s  a s  discussed b r i e f l y  i n  Sec t ion  2. 
I n  o rde r  t o  t reat  t h e  above problems i n  a q u a n t i t a t i v e  
fash ion ,  we can estimate t h e  maximum p a r t i c l e  d e n s i t i e s  and 
impac t  r a t e s  i n  t h e  a s t e r o i d  b e l t .  A f irst  o rde r  c a l c u l a t i o n  
cf p x t i c l . ~  i i i i~be r  c k i - l ~ i t i e ~  iias been performed (Fr ied ianaer  
and Vickers 1964) by assuming t h a t  t h e r e  are 0.06 gms/km3 of 
ma t t e r  uniformly d i s t r i b u t e d  i n  a b e l t  conta in ing  6 x 10 
t o t a l  m a s s .  A mean dens i ty  of 3 gm/cc i s  a l s o  assumed. Table 2 
g ives  t h e  r e s u l t s  of  t h i s  c a l c u l a t i o n  i n  which maximum e s t i -  
rr,z:cs are obtained by assuming t h a t  a l l  p a r t i c l e s  are o f  a s i n g l e  
s i z e ,  
conclusions about t h e  de t ec t ion  problem can be der ived  from 
t h e s e  da t a .  Another approach t o  e s t ima t ing  p a r t i c l e  number 
d e n s i t i e s  involves  the ex t r apo la t ion  of t h e  a s t e r o i d  s i z e  
d i s t r i b u t i o n  curve (Kuiper e t  a l .  1958),  ob ta ined  f o r  t h e  
24 
gms 
While t h i s  assumption is c e r t a i n l y  not  v a l i d ,  meaningful 
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v i s i b l e  a s t e r o i d s ,  t o  t h e  smal le r  bodies. Not enough d a t a  
e x i s t s  on t h e  smaller bodies however, t o  j u s t i f y  such an ex t rap-  
o l a t i o n .  
Table 2 
ESTIMATED PARTICLE DENSITIES AND IMPACT RATES 
Max. number Impacts /m2/sec Impacts /m2/year 
P a r t i c  le dens i ty  of  f o r  VHP f o r  VHP 
1p r ad ius  6 x 109/km3 7.8 104 2.46 x 1012 
loop r ad ius  6 x 103/km3 7 . 8  x 2.46 x lo6 
1 c m  r a d i u s  6 x 10-3/km3 7.8 x 10.8 2.46 x loo 
s i z e  p a r t i c l e s  (12 km/sec) (13 km/sec) 
l o p  r a d i u s  6 x 106/km3 7.8 x 10' 2.46 109 
1 mm r a d i u s  6 x 100/km3 7.8 10-5 2.46 103 
3.2 Exis t ing  Experimental Techniques 
The g r e a t e s t  developments i n  p a r t i c l e  d e t e c t i o n  tech- 
niques have been made i n  t h e  a rea  of  micrometeori t ics .  Micro- 
me teo r i t e  d e t e c t o r s  have been flown i n  ba l loons ,  rocke t s ,  sc ien-  
t i f i c  s a t e l l i t e s ,  and on i n t e r p l a n e t a r y  probes (Alexander 1963). 
Extensive development programs are c u r r e n t l y  being c a r r i e d  out  
(Berg 1965) t o  i n c r e a s e  t h e i r  s e n s i t i v i t y  and range and t o  pro- 
v i d e  more accu ra t e  c a l i b r a t i o n s .  This work, however, i s  d i r e c t e d  
toward t h e  near-Earth measurement problem and e x i s t i n g  i n s t r u -  
ments do no t  appear completely s u i t a b l e  f o r  an a s t e r o i d  f l y -  
through mission. 
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Micrometeorite de t ec to r s  a r e  of s e v e r a l  bas i c  types:  
3 . 2 . 1  
3 * 2 , 2  
3 . 2 . 3  
3 . 2 . 4  
3 . 2 . 5  
Microphone Detectors 
These employ e i t h e r  p i e z o e l e c t r i c  o r  capaci tance 
de t ec to r s  S e n s i t i v i t i e s  of up t o  dyne-sec 
can be obtained. 
propor t iona l  t o  the  momentum of  t h e  p a r t i c l e .  
The de tec t ed  s i g n a l  i s  nea r ly  
lJe1ocitx~ &-ids 
The t i m e  of f l i g h t  of t h e  impacting p a r t i c l e  
between two separa ted  f o i l s  i s  measured. The 
pene t r a t ion  i n t o  t h e  second f o i l  gives  t h e  
d i r e c t i o n  a r e  measured. 
k i n e t i c  energy MV 2 . Thus, mass, v e l o c i t y  and 
Light Screens 
The p a r t i c l e  passes through one o r  more l ight  
screens .  The s c a t t e r e d  l i g h t  i s  de tec t ed  and 
g ives  a measure o f  s i z e .  
two screens gives  v e l o c i t y  and d i r e c t i o n  (from 
t h e  o r i e n t a t i o n ) .  
T ime  o f  f l i g h t  between 
Pressure Cans 
P a r t i c l e  pene t r a t e s  w a l l  o f  a p res su r i zed  can. 
Pressure loss i n d i c a t e s  an impact. 
Pho tomult i p  l i e r  (PM) Detectors  
I n  one type of d e t e c t o r ,  t h e  p a r t i c l e  can pene- 
t r a t e  an opaque covering on a PM tube window per- 
m i t t i n g  an e x t e r n a l  source of  i l l umina t ion  t o  be 
de tec ted .  I n  a second type of d e t e c t o r  t h e  
p a r t i c l e  impacts on a t a r g e t  which i s  viewed 
wi th  a PM tube. The i n t e n s i t y  of  t h e  l i g h t  
f l a s h  i s  p ropor t iona l  t o  MVz over t h e  range 
3-15 km/sec. Particles from 1p t o  1 mm diameter 
may be de tec ted  by t h i s  technique. 




3.2.6 Conduction Detectors  
The impacting par t ic le  pene t r a t e s  two conducting 
f i l m s  separated by an i n s u l a t o r .  
t i o n  causes momentary conduction between t h e  
f i l m s  genera t ing  a pulse .  
The penetra-  
3.2.7 S i z e  Detectors 
Tie impacting par t ic ie  pene t r a t e s  t h e  w a i l  of  a 
de tec t ion  chamber al lowing an e x t e r n a l  source 
of i l lumina t ion  t o  f a l l  upon t h e  d e t e c t o r .  The 
i n t e n s i t y  of the l i g h t  g ives  t h e  hole  s i z e  wt ich  
i s  2-3 t i m e s  t h e  p a r t i c l e  diameter a t  30 km/sec. 
The c u r r e n t  and prospec t ive  s t a t u s  of  micrometeorite 
ins t rumenta t ion  w a s  discussed wi th  personnel  (Berg 1965) of  t h e  
Goddard Space F l i g h t  Center. 
capable  of meeting t h e  s c i e n t i f i c  o b j e c t i v e s ,  i s  n o t  c u r r e n t l y  
a v a i l a b l e  i n  f l y a b l e  form ( s u i t a b l e  f o r  an a s t e r o i d  f ly- through 
mission) ,  t h e  development requi red  should not  p re sen t  much of  
a problem. The p o s s i b i l i t y  of employing composite d e t e c t o r s  
w a s  a l s o  discussed and seve ra l  d e t e c t o r  combinations showed 
good promise. For example, a series of  l i g h t  sc reens  followed 
by a capac i tance  d e t e c t o r  wl-ich i s  viewed wi th  a PE tube could 
While e x i s t i n g  ins t rumenta t ion ,  
g i v e  m a s s ,  s i z e ,  v e l o c i t y  and d i r e c t i o n .  
Radar techniques can be  employed* f o r  t h e  d e t e c t i o n  o f  
p a r t i c l e s  l a r g e r  than 3-cm diameter. 
power of 1 kw would only consume a f e w  w a t t s  (on average) and 
could d e t e c t  p a r t i c l e s  o f  3-em diameter a t  d i s t ances  up t o  
* This assumes t h a t  1 cm wavelength r a d a r s ,  which are wi th in  
A pulsed system wi th  peak 
-~ 
t h e  c u r r e n t  s t a t e  o f  t h e  a r t ,  w i l l  be used. 
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10 k m  (Fr ied lander  and Vickers 1 9 6 4 ) .  I n  t h i s  case, t h e  e f f ec -  
t ive  c ross  s e c t i o n a l  area o f  t he  experiment would be lJ3 x 10 m 
and, by Table 2 ,  de t ec t ion  of up t o  30 p a r t i c l e s  p e r  hour could 
be expected. Since the  e f f e c t i v e  de t ec t ion  c ros s - sec t ion  in -  
creases as t h e  4 t h  power of t h e  t a r g e t  diameter and t h e  expected 
impact rate decreases  as t h e  3rd power, the  s i t u a t i o n  should 
improve f o r  l a r g e r  ob jec t s .  The r ada r  r e t u r n  should provide i n -  
formation on t h e  s i z e  of  t h e  t a r g e t ,  t h e  range, and t h e  r a d i a l  
v e l o c i t y  component. I f  t h e  p a r t i c l e  can be t racked  (observed 
s e v e r a l  t imes)  it should be  poss ib le  t o  r e c o n s t r u c t  t h e  o r b i t a l  
elements.  Although r ada r  techniques are f e l t  t o  be wi th in  t h e  
s t a t e  o f  t h e  a r t ,  f l y a b l e  radar  sys t ems  do no t  c u r r e n t l y  e x i s t .  
Such systems have been proposed, however, f o r  o t h e r  space ap- 
p l i c a t i o n s  (Moore e t  a l .  1965). 
3 .3  Technological Requirements 
6 2  
The two bas i c  e x i s t i n g  - d e t e c t o r  types.  micrometeorite 
pa r t i c l e  ana lyzers  and r a d a r ,  can r e s p e c t i v e l y  provide d a t a  on 
t h e  s p a t i a l  d i s t r i b u t i o n  of micrometeorite p a r t i c l e s  and bodies 
l a r g e r  than 3-cm diameter i n  the  a s t e r o i d  b e l t .  
ment w i l l  be requi red  f o r  both types of ins t rumenta t ion  t o  pro- 
v ide  opt imal  e f f e c t i v e n e s s  i n  s t u d i e s  of t h e  d i s t r i b u t i o n  of 
a s t e r o i d a l  matter. The micrometeorite d e t e c t o r s  can give t h e  
m a s s ,  s i z e ,  v e l o c i t y ,  dens i ty  and o r b i t a l  elements of impacting 
p a r t i c l e s .  The r ada r  techniques can, i n  p r i n c i p l e ,  g ive  t h e  
Some develop- 
---- c i  70, .-7eloci+,y and Orhit21 elements hEt  car?Ilo+, determine mass 
or dens i ty  
A 35 gc r ada r  system (A- 0.86 cm) employing an 8 foo t  
by 1 f o o t  antenna array could scan space wi th  a 0.2 degree 
r e s o l u t i o n .  
65 pounds (15 pounds f o r  antenna and 50 pounds f o r  t r a n s m i t t e r  
and receiver without  d i sp l ay  o r  te lemet ry)  and would r e q u i r e  
roughly 160 w a t t s  i npu t  power. 
t h e  APQ 97 are c u r r e n t l y  being flown on a i r c r a f t .  
A s y s t e m  w i t h  40 kw peak power would weigh roughly 
S imi l a r  K-band systems such as 
The momentum imparted by sub-micron s i z e  p a r t i c l e s  i s  
below t h e  l i m i t  of s e n s i t i v i t y  of micrometeorite d e t e c t o r s  a l -  
though t h e  f l u x  of p a r t i c l e s  should be s u f f i c i e n t  f o r  t h e  u t i l -  
i z a t i o n  of d i r e c t  counting techniques i f  t h e  p a r t i c l e s  can be 
de t ec t ed .  Light screen techniques u t i l i z i n g  u l t r a v i o l e t  r a d i -  
a t i o n  may be a p p l i c a b l e  t o  the  l a r g e r  p a r t i c l e s  i n  t h i s  class; 
however, t h e  complex s c a t t e r i n g  laws may render  t h i s  technique 
u s e l e s s .  
n nemoie d e i e c i i o n  i e c h i q u e s  uius t; be employed IUL paEt;i- 
cles i n  t h e  sub-mil l imeter  t o  3-cm s i z e  class. 
( A  2 1 c m )  are unsu i t ab le  s ince  t h e  t a r g e t  s i z e  approaches t h e  
r a d a r  wavelength. 
Radar techniques 
One poss ib l e  developmental approach would be 
t o  cons ide r  o p t i c a l  (laser) radar .  Appl ica t ion  o f  t h i s  tech-  
nique would provide d a t a  similar t o  t h a t  ob ta inab le  wi th  r ada r  
f o r  l a r g e r  p a r t i c l e s .  
4 .  STRUCTURE OF ASTEROIDAL MATTER 
4 .1  S c i e n t i f i c  Quest ions and Associated Measurement 
Prrrhlemc 
S t r u c t u r a l  s t u d i e s  of a s t e r o i d a l  matter are concerned 



















w i t h  su r face  s t a t e ,  shape, crushing s t r e n g t h ,  thermal charac- 
ter is t ics ,  phase, and cons t ruc t ion  ( c r y s t a l l i n e ,  powder, loose 
agglomeration, compact s o l i d )  of  i n d i v i d u a l  p a r t i c l e s  i n  t h e  
a s t e r o i d  b e l t .  Spec i f i ca t ions  of t h e  par t ic le  s t r u c t u r e  has 
great impl ica t ions  t o  t h e  o r i g i n  and evolu t ion  of t h e  a s t e r o i d  
b e l t .  
Anders (1965) has r ecen t ly  presented a d e s c r i p t i o n  of 
t h e  fragmentation h i s t o r y  o f  t he  a s t e r o i d  b e l t  from t h e  absolu te  
magnitude d i s t r i b u t i o n  o f  v i s u a l  a s t e r o i d s  between 2.0 and 2.6 
AU i n  which he t e n t a t i v e l y  concluded t h a t  t h e  a s t e r o i d  b e l t  i s  
no t  i n  a h ighly  fragmented s t a t e .  
c rush ing  s t r e n g t h  of  N 2 x lo8 dyne/cm2 f o r  t h e  a s t e r o i d s .  
i s  important t o  examine t h e  fragmentation s t a t e  of  t h e  a s t e r o i d s  
i n  s i t u  i n  o rde r  t o  v e r i f y  o r  reject  these  hypotheses and t o  
extend our knowledge t o  the  smaller o b j e c t s  i n  the  b e l t  which 
I 
H e  a l s o  deduced an average 
It 
I . !T\G_?~~ mere l,i-ielx7 he ffqumentgtinn prc?uctg ~ St-z-ies n-rsrfinlo 
J o------------ r-- ----- 
s t r u c t u r e  i n  t h e  a s t e r o i d  b e l t  a l s o  have d i r e c t  a p p l i c a t i o n  t o  
t h e  s p a c e c r a f t  hazard problem. A s h o r t  l i s t  of  s c i e n t i f i c  
ques t ions  r e l a t i n g  t o  a s t e r o i d  s t r u c t u r e  i s  given i n  Table 3 .  
The measurement problems a s s o c i a t e d  wi th  s t r u c t u r a l  
s t u d i e s  d i f f e r  f r o m  those  encour-tered f o r  t h e  d i s t r i b u t i o n  
ques t ion .  For d i r e c t  de t ec t ion ,  l a r g e  numbers of impacts would 
n o t  be r equ i r ed  t o  y i e l d  s i g n i f i c a n t  r e s u l t s .  Thus, w i th  a 
d e t e c t o r  of  moderate s i z e ,  samples of p a r t i c l e s  smaller than 
3-cia diallleter s l iuu ld  be detectable by spacecraft. For the 
I I T  R E S E A R C H  I N S T I T U T E  
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Table 3 
SCIENTIFIC QUESTIONS RELATING TO THE 
STRUCTURE OF ASTEROIDAL MATTER 
a. What a r e  the  shapes of  a s t e r o i d  p a r t i c l e s ?  
e.g., s p h e r i c a l  o r  i r r e g u l a r .  
b. A r e  t h e  a s t e r o i d  particles compact s o l i d s ,  
c r y s t a l l i n e ,  powdery, loose  agglomerations,  
f l u f f y ,  e t c . ?  
c. What i s  t h e  sur face  s ta te  o f  a s t e r o i d  par-  
t i c les?  e .g . ,  smooth, fragmented, dus t  
covered, eroded, etc.  
d. What are t h e  thermal c h a r a c t e r i s t i c s  o f  
a s t e r o i d  p a r t i c l e s ?  
e. A r e  compositional l aye r ings  revea led  on 
f r a c t u r e  su r faces?  
f .  What i s  the impact s t r e n g t h  of  an  a s t e r o i d  
p a r t  i c  le  ? 
g. What are the  e l e c t r i c a l  c h a r a c t e r i s t i c s  o f  
a s t e r o i d  p a r t i c l e s ?  A r e  t h e  p a r t i c l e s  changed? 
h. A r e  a s t e r o i d  sur faces  s t a b l e  or i s  c o l l i s i o n a l  
e ros ion  cons t an t ly  t ak ing  p l ace?  
I I T  R E S E A R C H  I N S T I T U T E  
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larger p a r t i c l e s  remote sensing techniques would have t o  be 
r e l i e d  upon. 
For d i r e c t  s t u d i e s  of a s t e r o i d a l  s t r u c t u r e ,  t h e  p a r t i c l e s  
must f i rs t  be c o l l e c t e d  a t  l e a s t  p a r t i a l l y  i n t a c t ,  Considering 
t h e  h y p e r v e l o c i t i e s  (10 km/sec) expected for  s p a c e c r a f t - p a r t i c l e  
encounters ,  t h e  c o l l e c t i o n  o f ,  ::?the fragments or vapors o f  
impacting p a r t i c l e s  poses a severe problem. The hyperve loc i ty  
p e n e t r a t i o n  i n t o  normal c o l l e c t i o n  devices  i s  usua l ly  small and 
p a r t i c l e  fragments are seldom r e t a i n e d  i n  t h e  crater.  
For remote s t u d i e s  o f  s t r u c t u r e ,  t h e  h igh  relative 
p a r t i c l e - s p a c e c r a - ‘ t  v e l o c i t i e s  impose fast  t i m e  response con- 
s t r a i n t s  on any d e t e c t o r  scheme which might be proposed. 
4.2 Exi-  Li::2, Ex?erimental Techniques 
E x i s t i n g  remote d e t e c t i o n  techniques can provide i n f o r -  
mation on t h e  shape and poss ib ly  on t h e  s u r f a c e  f e a t u r e s  o f  
q ” t n v a < A q l  rnn4-t-w D L n t n - n t - 4 -  m t . q d < n m  L---n r . s . n n n n t n A  <--nn..l et- 
U U C C . & V I U ~ I  L U - L L L L  L L L V C W I L l b L L L L  U L U U I L U  L L U V L  .3U&6LYLbU .&-L-Lb6UIUL 
shapes f o r  many v i s u a l  a s t e r o i d s  (Kuiper e t  a l .  1958). Addi- 
t i o n a l  d a t a  has been obta ined  from s p e c t r a l  r e f l e c t i o n  and 
p o l a r i z a t i o n  observa t ions .  
development, however, f o r  a p p l i c a t i o n  i n  an a s t e r o i d  f ly- through 
m i s s  ion.  
These techniques w i l l  r e q u i r e  some 
For d i r e c t  measurement of a s t e r o i d  s t r u c t u r e ,  numerous 
e x i s t i n g  techniques can be employed once t h e  p a r t i c l e  i s  co l -  
l e c t e d  p a r t i a l l y  i n t a c t  and placed i n  an  ana lyzer .  
convent iona i  microscopy or  X-ray d i f f r a c t i o n  cecnniques could 
be modified f o r  s p a c e c r a f t  opera t ions ,  
For example, 





















Numerous p a r t i c l e  c o l l e c t i o n  techniques are a v a i l a b l e  
f o r  use  i n  t h e  E a r t h ' s  atmosphere where t h e  impact v e l o c i t i e s  
are low. Many of the  so-cal led p a r t i c l e  c o l l e c t o r s  are a c t u a l l y  
crater c o l l e c t o r s  which record t h e  impacts without  r e t a i n i n g  
any of the fragments o r  vapors (Berg 1965). These g e n e r a l l y  
involve  t h e  d e s t r u c t i o n  of a n  opaque f i l m  surrounding a t r a n s -  
pa ren t  con ta ine r .  I n  t h e s e  cases t h e  craters are counted 
p h o t o e l e c t r i c a l l y  by t h e  t ransmission of l i g h t  through t h e  
holes .  Ge l t a ins ,  g lyce r ine  and f i b e r  pads des t roy  t h e  low 
v e l o c i t y  p a r t i c l e s  on impact but do r e t a i n  t h e  fragments. This  
may no t  be t h e  case for  t h e  higher  v e l o c i t y  impacts. Ml l l i po re  
f i l t e rs  are c u r r e n t l y  being inves t iga t ed  as a means of t r app ing  
fragments from h igh  v e l o c i t y  p a r t i c l e s .  
p a r t i c l e  p e n e t r a t e s  s e v e r a l  l ayers  o f  t h e  f i l t e r  before  impact. 
The l a y e r s  above t h e  impact layer  then t r a p ,  a t  l e a s t  p a r t i a l l y ,  
I n  t h i s  technique t h e  
the  fragEPrrts arrd v z y ? r s -  
4 . 3  Technological Requirements 
For remote sens ing ,  photometric, r a d a r ,  t e l e v i s i o n  and 
p o l a r i m e t r i c  techniques can i n  p r i n c i p l e  be a p p l i e d  f o r  ob ta in-  
i n g  minimal d a t a  on p a r t i c l e  s t r u c t u r e .  None of t h e s e  techniques 
have been developed i n  f l y a b l e  form s u i t a b l e  f o r  an a s t e r o i d  
f ly- through mission. New types of  remote s t r u c t u r e  ana lyzers  
could be employed ve ry  p r o f i t a b l y  during a mission of  t h i s  type.  
Direct a n a l y s i s  of p a r t i c l e  s t r u c t u r e  depends e n t i r e l y  
._-e- upurl a s a l i i t i s n  t~ the cellectiijii prubleui. Sitice t i : i s  constraint 
w i l l  a l s o  apply t o  c o r p o s i t i o n a l  a n a l y s i s ,  p a r t i c l e  c o l l e c t i o n  
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should d e f i n i t e l y  r ece ive  e a r l y  and concentrated a t t e n t i o n .  I f  
a non-des t ruc t ive  c o l l e c t i o n  technique can be found, a means of  
t r a n s f e r r i n g  c o l l e c t e d  samples i n t o  onboard ana lyzers  (and t h e  
ana lyze r s  themselves) will have t o  be developed. 
An a l t e r n a t i v e  t o  t h e  de.-elopment of sample t r a n s f e r  
and a n a l y s i s  techniques involves t h e  r e t u r n  o f  c o l l e c t e d  
material  t o  Ea r th  f o r  labora tory  a n a l y s i s .  A Hohmann t r a n s f e r  
o r b i t  w i t h  a 3-year per iod would: (1) p e n e t r a t e  t o  3 . 2  AU from 
t h e  Sun, ( 2 )  remain i n  t h e  b e l t  f o r  about 650 days,  ( 3 )  provide 
f o r  d i r e c t  communication w i t h  Ea r th  (RC = 2 . 2  AU) a t  maximum 
p e n e t r a t i o n ,  ( 4 )  r e q u i r e  only 46,700 f t /sec i d e a l  v e l o c i t y  a t  
launch and (5) rendezvous wi th  t h e  Ea r th  3 years from t h e  
launch d a t e  which is unconstrained. 
5 .  
5.1 
t i o n  o f  
COMPOSITION OF ASTEROIDAL MATTER 
S c i e n t i f i c  Quest ions and Associated Measurement 
Problems 
A l i s t  of s c i e n t i f i c  ques t ions  r e l a t i n g  t o  t h e  composi- 
t h e  a s t e r o i d s  i s  presented i n  Table 4 .  These ques t ions ,  
and most cons idera t ions  of a s t e r o i d  composition, are based upon 
t h e  assumption t h a t  meteor i tes  r ep resen t  samples of a s t e r o i d  
material. 
sumption, both from t h e  observat ions of meteor t r a j e c t o r i e s  
(Kresak 1965)  and from d i r e c t  observa t ions  of  p a r t i c l e s  i n  
s o l a r  o r b i t  (Nilsson 1965), it i s  important t o  s tudy t h e  com- 
p o s i t i o n  of c o l l e c t e d  p a r t i c l e s  i n  s i t u .  Measurements o f  t h i s  
type w i l l  r e v e a l  t h e  minera logica l  composition o f  a s t e r o i d s  
Although t h e r e  i s  good evidence suppor t ing  t h i s  as- 
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Table 4 
SCIENTIFIC QUESTIONS RELATING TO THE 
COMPOSITION OF ASTEROIDAL MATTER 
A r e  t h e  a s t e r o i d  p a r t i c l e s  i r o n  o r  s tony 
o r  some combination? 
What information on age and composition can 
be deduced from r a d i o a c t i v i t y  measurements ? 
What i s  t h e  r a t i o  o f  s i l i c o n ,  i r o n ,  n i c k e l ,  
oxygen, etc. i n  a s t e r o i d  p a r t i c l e s ?  
Does t h e  composition vary i n  any r e g u l a r  
way wi th  p a r t i c l e  s i z e  o r  w i t h  average 
o r b i t  a 1 parameters ? 
Do a s t e r o i d  p a r t i c l e s  possess a magnetic 
moment? 
What i s  t h e  minera logica l  composition of 
a s t e r o i d  p a r t i c l e s ?  
Do some of t h e  a s t e r o i d  p a r t i c l e s  r e p r e s e n t  
pr imordia l  matter? 
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befo re  they are modified (oxidized)  during e n t r y  through t h e  
E a r t h ' s  atmosphere. It i s  a l s o  important t o  determine t h e  
r a t i o s  o f  t h e  var ious  elements i n  a s t e r o i d  material. 
For bas i c  e lemental  composition s t u d i e s ,  t he  c o l l e c t i o n  
c o n s t r a i n t s  are not  as severe as those imposed f o r  a n a l y s i s  of 
a s t e r o i d  s t r u c t u r e .  I n  t h i s  case ,  even t h e  a n a l y s i s  of impact 
vapors can provide s i g n i f i c a n t  da ta .  
I f  the c o l l e c t i o n  requirements f o r  s t r u c t u r a l  s t u d i e s  
can be s a t i s f i e d ,  more s o p h i s t i c a t e d  compositional s t u d i e s  can 
be performed e i t h e r  onboard t h e  s p a c e c r a f t  o r  following r e t u r n  
t o  Ear th .  
5.2 E x i s t i n g  Experimental Techniques 
The state of t h e  a r t  o f  c o l l e c t i o n  devices  has been 
reviewed i n  Sec t ion  4. Following c o l l e c t i o n ,  mass spectrographs 
as w e l l  as chemical o r  spec t roscopic  techniques can be employed 
cn- A - . . . - - m 4 t 4 n - - l  - t . - d 4 - -  
LUL L u U L y u n 2 L b L u L L u . L  3LUU.LC.3. 
An onboard compositional ana lyzer  (pulsed mass spec t ro -  
graph)  i s  c u r r e n t l y  a v a i l a b l e  (Dubin 1965) i n  f l y a b l e  form and 
could be modified f o r  u s e  i n  an a s t e r o i d  f ly- through mission. 
I n  t h i s  instrument t h e  p a r t i c l e  impacts on a gold o r  s i l v e r  
f i l m  and i s  vaporized. The ion ized  vapors are a c c e l e r a t e d  and 
analyzed i n  a mass spectrograph. The main d i f f i c u l t y  encountered 
i n  t h e  use o f  t h i s  instrument  i s  i n  t h e  a n a l y s i s  of  pulsed mass 
s p e c t r a .  
- it i s  not  d i f f i c u i t  t o  envisage the  a p p i i c a t i o n  of op- 
t i c a l  spectroscopy t o  s i m i l a r  measurements. I n  t h a t  case, t h e  









i on ized  vapors could be passed through an arc and t h e  s p e c t r a l  
information would be te lemetered t o  Earth.  
proach, A. G. Hanson (1965) a t  AVCO/RAD i s  c u r r e n t l y  4 i r e c t i n g  
2 program f o r  t h e  development of  gas f i l l e d  bal loons which 
w i l l  be deployed from sa te l l i t e  booms. 
t h e  bal loon are aerodynamically hea ted  by t h e  i n e r t  g i s  f i l l  
and t h e  emission i s  piped by f i b e r  o p t i c s  t o  a spectrograph f o r  
a n a l y s i s .  
I n  a similar ap- 
P a r t i c l e s  p e n e t r a t i n g  
There are no immediately obvious techniques f o r  study- 
i n g  t h e  composition o f  a s t e r o i d  matter wi th  remote sensors  w i th  
t h e  p o s s i b l e  except ion of gamma ray  o r  i n f r a r e d  r e f l e c t i o n  
spectroscopy for  su r face  ma te r i a l s .  I f  however t h e  composition- 
a l  p r o p e r t i e s  of c o l l e c t r  1 p a r t i c l e s  can be r e l a t e d  t o  t h e i r  
o p t i c a l ,  r ada r  o r  o r b i t a l  parameters,  then  l i m i t e d  d i r e c t  d a t a  
could  be ex t r apo la t ed  t o  t h e  l a r g e  group of  remotely sensed 
p a r t i c l e s .  
5.3 Technological Requirements 
A l l  of  t h e  e x i s t i n g  measurement techniques o u t l i n e d  
above w i l l  r e q u i r e  a d d i t i o n a l  development before  s p a c e c r a f t  i n -  
s t ruments  can be suppl ied .  If t h e  c o l l e c t i o n  problem i s  
s u c c e s s f u l l y  a t t acked ,  t h e  de* elopment requirements f o r  such 
composi t ional  ana lyzers  should no t  be too  ex tens ive .  
Perhaps t h e  most important technologica l  development 
requirement he re  i s  f o r  a remote  composi t ional  sensor .  
D 
1 
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6 .  SUMMARIZED TECHNOLOGICAL REQUIREMENTS AND CONCLUSIONS 
The preceding sec t ions  of t h i s  r e p o r t  have o u t l i n e d  t h e  
major s c i e n t i f i c  ques t ions  r e l a t i n g  t o  t h e  s p a t i a l  d i s t r i b u t i o n ,  
t h e  s t r u c t u r e ,  and t h e  composition of mat te r  i n  t h e  a s t e r o i d  
b e l t .  
t i v e s  for  an  a s t e r o i d  f ly- through mission and t h e  performance 
o f  e x i s t i n g  ins t rumenta t ion  and ins t rumenta l  t e c h n i q u e s , i t  was 
p o s s i b l e  t o  d e l i n e a t e  t h e  a reas  i n  which t echno log ica l  ad\ 
are requ i r ed .  
Through t h e  j o i n t  cons idera t ion  of  t h e  s c i e n t i f i c  objec- 
ices 
None of  t h e  e x i s t i n g  ins t rumenta t ion  reviewed w a s  f e l t  
t o  be i n  s u i t a b l e  form for d i r e c t  i n c l u s i o n  i n  an a s t e r o i d  b e l t  
f ly- through s p a c e c r a f t .  In  many cases, however, t h e  r equ i r ed  
development woc I d  only  involve t h e  modi f ica t ion  o f  e x i s t i n g  
techniques t o  provide optimum performance i n  a f ly- through m i s -  
s i on .  Such development requirements are not c l a s s i f ' z d  as ad- 
vE!!?ced terhnnlegy 211.1 2re E O +  i!?chded here- Fer e Y Q r n n 1 ~  c -- > 
whi le  e x i s t i n g  micrometeorite d e t e c t o r  types should be combined 
t o  provide an instrument  which w i l l  s imultaneously g ive  t h e  mass, 
s i z e ,  and o r b i t a l  elements of impacting p a r t i c l e s ,  t h e  develop- 
ment requirements are not  severe.  
I n  many of t h e  technologica l  a r e a s  d iscussed  i n  t h i s  
r e p o r t ,  f l y a b l e  instruments  a r e  not  c u r r e n t l y  a v a i l a b l e ,  and i n  
some cases t h e  b a s i c  de t ec t ion  tec iniques have not  y e t  been 
s p e c i f i e d .  I n  t h e s e  in s t ances ,  major t echno log ica l  advances 
- - 2  1 1  w i i i  Le required and long l e i i d  t i m e  SeveivpweIit progi-aui~ should 
be i n i t i a t e d .  The fol lowing subsec t ions  summarize t h e  p e r t i n e n t  
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s c i e n t i f i c  ques t ions  and measurement c o n s t r a i n t s  and i n d i c a t e  
t h e  r equ i r ed  technologica l  advances. 
6.1 S p a t i a l  D i s t r i b u t i o n  of Sub-Micron S ize  P a r t i c l e s  
S c i e n t i f i c  Object ive 
Determine t h e  mass, s i z e  and vec to r  v e l o c i t y  of  a 
l a r g e  sample o f  sub-micron s i z e  p a r t i c l e s  throughout t h e  a s t e r o i d  
b e l t .  
Measurement Cons t ra in ts  
Although l a r g e  numbers of  t h e s e  p a r t i c l e s  should 
be swept ou t  by t h e  spacec ra f t ,  t h e  momentum imparted i n  c o l l i -  
s i o n  i s  below t h e  th re sho ld  of s e n s i t i v i t y  for  convent ional  
micrometeorite de t ec to r s .  
c e r t a i n  because t h e  p a r t i c l e  s i z e s  encompass t h e  v i s i b l e  and 
near  u l t r a v i o l e t  wavelengths. 
Light s c a t t e r i n g  techniques are un- 
T e c h n o l o g i c a l  R e q u i r e m e n t s  
Develop a de tec t ion  technique wk.ich w i l l  s imul- 
taneous ly  provide information on t h e  mass, s i z e ,  v e l o c i t y  and 
d i r e c t i o n  o f  p a r t i c l e s  i n  t h e  a s t e r o i d  b e l t  smal le r  than  
1 micron diameter.  
Comments 
The use of vacuum u l t r a v i o l e t  l i g h t  sc reens  shoLld 
be i n v e s t i g a t e d  as one p o s s i b i l i t y .  





















6.2 Spatial Distribution of Sub-Millimeter to 3-Cm 
Diameter Particles 
Scientific Objective 
Determine the mass, size and vector velocity of 
a large sample of sub-millimeter to 3 cm diameter particles 
throughout the asteroid belt. 
Measurement Constraints 
The maximum expected spatial density of these 
particles precludes impact detection for statistical studies 
of spatial distribution and remote measurement techniques are 
indicEted. 
the particle size is smaller than normal radar wavelengths and 
complex scattering laws apply. 
Conventional radar detection is unsuitable since 
Techno logic a 1 Requirements 
Develop a remote detection technique which will 
simultaneously provide information on the mass, size, velocity 
and direction of asteroid belt particles between sub-millimeter 
and 3 cm diameter. The effective range of such a system should 
be as great as possible. 
Comments 
The possibility of employing optical (laser) 
radar should be investigated. 
mass poses the greatest problem with remote detection schemes. 
The determination of particle 





















6 . 3  Direct Analysis of P a r t i c l e  S t r u c t u r e  
S c i e n t i f i c  Ob j ec t ive 
Determine s t r u c t u r a l  c h a r a c t e r i s t i c s  of  p a r t i c l e s  
i n  t h e  a s t e r o i d  b e l t  by means of d i r e c t  a n a l y s i s  of captured  
matter. 
Measurement Cons t ra in ts  
Ind iv idua l  p a r t i c l e s  must be captured (or c o l -  
l e c t e d )  a t  least p a r t i a l l y  i n t a c t .  
s p a c e c r a f t  c l o s i n g  v e l o c i t i e s ,  normal micrometeorite c o l l e c t o r s  
would des t roy  t h e  p a r t i c l e s  and even ion ized  vapors would no t  
be r e t a i n e d .  Following c o l l e c t i o n ,  t h e  p a r t i c l e  x u s t  e i t h e r  
be t r a n s f e r r e d  t o  an onboard s t r u c t u r e  ana lyzer  o r  s t o r e d  f o r  
Due t o  t h e  high p a r t i c l e -  
r e t u r n  t o  Earth.  
Technological Requirements 
Develop c o l l e c t i o n  techniques f o r  hyperve loc i ty  
p a r t i c l e s  which leave t h e  c o l l e c t e d  sample i n t a c t .  
technique f o r  in t roducing  c o l l e c t e d  samples i n t o  s t r u c t u r e  
ana lyzers .  
a b l e  c o l l e c t i o n  package f o r  Earth-based a n a l y s i s .  
ana lyze r s  a r e  des i r ed ,  e x i s t i n g  instruments  must be modified 
f o r  s p a c e c r a f t  use.  
Develop 
Consider t he  p o s s i b i l i t y  of developing a r e t r i e v -  
I f  onboard 
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6 . 4  Remote Analysis of Particle Structure 
Scientific Objective 
Determine the stri lctural  characteristics cf 
asteroid particles by remote detection techniques. 
Measurement Constraints 
Because of the difficulty in collecting particles 
intact and because of the low expected spatial densities of the 
larger particles, remote detection will be required. The high 
approach velocities imply systems with fast response and reason- 
ably long range. 
Technological Requirement 
Develop remote techniques for determining the 
structural characteristics of particles in the asteroid belt. 
Comments 
Photometry, radar, television and polarimetric 
techniques should be investigated. 
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6.5 Direct Analysis of P a r t i c l e  Composition 
S c i e n t i f i c  Object ive 
Determine t h e  composition o f  p a r t i c l e s  i n  t h e  
a s t e r o i d  b e l t  by means o f  d i r e c t  a n a l y s i s  of captured matter. 
Measurement Cons t ra in ts  
As f o r  t h e  d i r e c t  s t r u c t u r a l  s t u d i e s  (Sec t ion  6 . 3 )  
t h e  p a r t i c l e  samples must be c o l l e c t e d ,  however i n  t h i s  case ,  
not  n e c e s s a r i l y  i n t a c t .  
fragments must e i t h e r  be t r a n s f e r r e d  t o  onboard compositional 
ana lyze r s  o r  s t o r e d  for Ear th  r e t u r n .  
Following c o l l e c t i o n ,  t h e  vapors o r  
Technological Requirements 
Develop c o l l e c t i o n  technique f o r  hyperve loc i ty  
p a r t i c l e  which r e t a i n s  fragments o r  vapors.  Develop technique 
frr s t o r k g  S S q A C  ijr Ei j r  t r s z s f e r r i n g  c c l k c t e d  sziilpk liita 
analyzer .  
ments must be modified f o r  spacec ra f t  u s e .  
If onboard analyzers  w i l l  be used, e x i s t i n g  i n s t r u -  
Comments 
Explore p o s s i b i l i t y  of  employing improved ve r s ion  
o f  pulsed mass spectrograph fo r  t hese  problems. 
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6 . 6  Remote Analysis of P a r t i c l e  Composition 
Sc ien t  i f  i c  Ob j ec t i v e s  
Determine t h e  composition of p a r t i c l e s  i n  t h e  
a s t e r o i d  b e l t  by remote measurement techniques.  
Measurement Cons t ra in ts  
Because of the l o w  expected s p a t i a l  d e n s i t i e s  of  
t h e  larger a s t e r o i d  p a r t i c l e s ,  remote d e t e c t i o n  i s  ind ica t ed .  
The high r e l a t i v e  v e l o c i t i e s  r e q u i r e  f a s t  systems. 
Techno log ica  1 Requirement 
Develop remote techniques f o r  determining t h e  
composition o f  p a r t i c l e s  i n  the  a s t e r o i d  b e l t .  
Comments 
I n f r a r e d  r e f l e c t i o n  spectroscopy is  one p o s s i b l e  
approach f o r  s tudying su r face  composition of  t h e  l a r g e r  p a r t i c l e  
(or  bodies ) .  
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One a d d i t i o n a l  problem should be mentioned here ;  namely 
t h a t  of spacec ra f t  f a i l u r e  ana lys i s .  
determine conclus ive ly  whether o r  not  t h e  f a i l u r e  of  any space- 
craf t  component i s  due t o  a s t e r o i d  impact. This requirement 
should  be m e t  even for  incomplete fa i lure ;  e.g., p a r t i a l  loss 
of s e n s i t i v i t y .  
s t u d i e s ,  one of wl-.ich involves  surrounding t h e  e n t i r e  space- 
craf t  wi th  p a r t i c l e  de t ec to r s .  This  would i n c r e a r e  t h e  effec- 
t i v e  d e t e c t i o n  area and would permit. damage eva lua t ion  i n  terms 
of impacting p a r t i c l e  parameters. 
One should be a b l e  t o  
Severa l  techniques are a v a i l a b l e  fo r  such 
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